Modulation by oxygen of zonal gene expression in liver studied in primary rat hepatocyte cultures.
The different endowment with key enzymes and thus different metabolic capacities of periportal and perivenous cell types led to the model of "metabolic zonation." The periportal and perivenous hepatocytes receive different signals owing to the decrease of substrate concentrations including O2 and hormone levels during passage of blood through the liver sinusoids. These different signal patterns should be important for the short-term regulation of metabolism and also for the long-term induction and maintenance of the different enzyme pathways by control of gene expression. The periportal to perivenous drop in oxygen tension was considered to be a key regulator in the zonated expression of carbohydrate-metabolizing enzymes. In primary hepatocyte cultures, glucagon activated the phosphoenolpyruvate carboxykinase (PCK) gene to higher levels under arterial than under venous oxygen. The insulin-dependent activation of the glucokinase (GK) gene was reciprocally modulated by oxygen. Exogenously added hydrogen peroxide mimicked the effects of arterial oxygen on both the glucagon-dependent PCK gene and the insulin-dependent GK activation. Therefore, the oxygen sensor could be a hydrogen peroxide-producing oxidase which could contain a heme group for "measuring" the O2 tension. This notion was corroborated by the finding that CO mimicked the positive effect of O2 on PCK gene activation. Transfection of PCK promoter-CAT gene constructs into primary hepatocytes showed that the oxygen modulation of the PCK gene activation occurred in the region -281/+69. The modulation by O2 was not mediated by isolated cAMP-responsive elements. Nuclear protein extracts prepared from hepatocytes cultured under venous PO2 as compared to arterial PO2 showed an enhanced binding activity to the promoter fragment -149/-43. Oxidative conditions such as H2O2 reduced the DNA-binding activity, thus supporting the role of H2O2 as a mediator in the O2 response of the PCK and GK genes.